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Classification of Spring Groups Based on Hydrochemical and Isotopic
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Abstract: Hydrochemical and isotopic methods were used to analyze 7 springs issued along the Huanglong Ravine.
It is found that spatial-temporal variations in hydrochemistry and isotopes of the 7 springs are related to the
combined influence of CO, degassing, travertine deposition and evaporation, which are determined by four stages
of water cycle. Three different spring groups were then identified based on these hydrochemical and isotopic
features. These findings may provide scientific basis for the management of the landscape water resources and the
protection of the travertine landscape.
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Huanglong Ravine in Sichuan
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WA KA B ERRRE AN E, A5
4%, LR AR, A8 27%, BEETHRAES S
18%F1 10%, FiiffA ve-— Bmai s 2 MR
B A K, RS E FEIRAS Fif =&
AMERMAOEE . BEZ EOTETE, 1992). %
AR T AR AR, KRR g,
A FALEET bR Blak . AL EF R
MERBGERAR, LR GOAAVRMEL
Ayt . 1% OC i T IR A o iR A - Y A B LA g,
ZFB K, FEHVARE 1.1C, BRGREK, B
Mtk 758.9 mm/a, HARPLE 5~9 A, 4&2Fk
HKEEH) 70%. Hi R K H IR K LEIT & F sl B
HEATHF 2 UM A F R, TR T BA AR A
BB 2 1 b 34 R K IBER R (FERTHAE, 2009).
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Zy Al 7= 1) Multiline-P3 £ S 40K B MY, Bz
UK pH., KRR S, roeiaralikE 0.0l
pH S . 0.1CHI 1 ps/om. IXFRTEMI & Z ATHEATHE
1E, H pH {1 4 #1 7 PRMERMEL sl A TR IE,
LA B PR 1412 ps/em FRMERE IEBURE . 3
S 5 0 T8 B Merck 23 w) A4 7= (9 BREE 3+ FI B JIE
WEKE) HCOy F1 Ca™ ¥R HE, HAEHETH1% 6 mg/
2 mg/I( F %, 2009; Wang et al., 2010),

FF 7K Al 43 b7 () 45 22 10 52 A P 5 6 Jal o [0

Fh2# e M ER Ak 5 9 5 BT 20 B M BR 1~ ) 2 o 5 9 5%
FMER K, Na', Mg”. SO”. CI'ef, BT
PR 0.001 ppm; B . SEE R0 2 00 W 52 40 B
/NF 0.15%0F01 0.5%0.

FRARAZ A ARSI SLy), LK CO,
S} IE(pCO,) i HHF ] WATSPEC #1477 (Wigley,
1977).
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S RERKPERE REKRM pCO, BAK, pH
(E R, WARMHBSEAM Ca¥', HCOy Mo, WL
CO, FERE T LHMMAS(E |, B 2), BHRE
H CO, FH KW F HERF R U AL, 2000, 2009),
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Fig. 1 Geological plan and section of Huanglong Ravine
QuQe-H U & B KB e B, Tss- — B AEKEEH . WAATHS CPL-AREN - BERS C-REKS D-BREFHE K
Mg Sss-EWMBRERRERDE
Qt/Qg-Quaternary travertine/glacial sand and gravel; Tss-Triassic sandstone and slate; CPL-Carboniferous and Permian limestone;
C-Carboniferous limestone; D-Devonian slate and limestone; Sss-Silurian slate intercalated with
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Table 1 Hydrochemical features of the Huanglong Springs
T Ca>* HCOy EC pCO;
%5 A (T) pH (mg/) (mg/ls) (ps/cm) Skc (x 10%Pa)
6.5 6.54 270 802 1104 0.03 169.8
RER 185 (6.4~6.6) (6.41~6.62) (264-~280) (784~831) (1080~1141) (-0.09~0.12) (138~233)
288 53 7.65 144 419 601 0.62 7.8
(4.5~6.0) (7.45~8.23) (131~160) (382~468) (553~666) (0.35~1.26) (2.01~10.96)
3848 5.5 7.38 153 447 637 0.40 14.9
_ (4.6~7.0) (7.17~7.67) (141~199) (409~585) (588~820) (-0.59~0.87) (8.79~23.55)
K 4858 6.2 7.59 128 371 539 0.50 7.3
HALR (4.3~7.9) (7.42~7.71) (121~136) (351~394) (512~568) (0.35~0.58) (5.24~11.01)
sE2a 57 7.48 145 423 606 0.47 11.0
(4.7~6.6) (7.4~-8.0) (131~192) (381~565) (551~793) (0.31~1.38) (9.08~13.09)
685 6.3 7.51 126 365 530 0.40 9.5
(4.6~8.2) (7.27~1.71) (112~171) (324~502) (476~710) (0.23~0.57) (4.46~19.82)
BER 7848 3.0 8.30 43 114 201 0.30 04
(2.5~3.3) _ (8.06~8.66) (40~47) (103~126) (187~217) (0.02~0.65) 0.2~0.7)
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Fig. 2 Seasonal hydrochemical variations of the springs at Huanglong
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i\ pH FER AR W ) PR RS KPR EEM
BT CHARNERBRPI IR, EE22IW
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FRZRS L HP Co, FRMMMA X, EERMK
) 3= TR BN W 25 £ (Liu et al., 2004, 2007),
B FHRRGENTBRERLRT CHNEREET
HRA, U LA EEZHBERMERG
VIBEATI R A T B R R MRS,
32 RABNMERCROBERRZHEAMNE
S
B FARRBRER 6°C ZREK, BRI KRR
1 % BB R AT B9 7R B SR K R B R TR B R 4K (Fritz. et
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ARBOERBASE . BHERKEH CO, ETEXR
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Fig. 3 Seasonal variations in carbon and hydrogen isotopic Fig. 4 Spatial hydrochemical variations of the springs at

compositions of the springs at Huanglong Huanglong(1 to 7 of the fig is the number of spring)
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Fig. 5 Spatial variations in carbon and hydrogen isotopic

compositions of the springs at Huanglong
(1 to 7 of the fig is the number of spring)
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WKL R, REEW: LR, BF 1 5
FRRAOHE, KA THRSIEESR, K pCO;

&

AT REPH pCO,, FHUKF CO, KEWARH,
CO, MEARIEE, BEmEEmEKNEA, B
HuRKe pH HEEAR, FRABRMABHREA
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HWEBETHRGEL1SRM2SREHEL, B4,

QBB —F Mt LB

F—PEREEERAS T KEREUNE 252
BUTICA 3 SRERBRKR, RERSHHE
Si. FMERE B REERERIFERRER,
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MK 3 T B AR R S i o, SRR R
%, HERUARER 5 SR, WAL T RUWK
WS W, RERRM: L, T—HBREER
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k5 SR, Y A W E BT T,
E e KR BERERE, PSR,
TEBAAELEECRTER 6 B8, AMZERT R
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EBHRABEEUSERNE, BERMHSERRER
At R ERAMFEARFHED, REBRF. BR
BA. BERKABRGERT. 4 A1 5 SREX
—BABRMEEHAKE, EAERTHNMEENS
RKE ST ERM L, K4 1.3 km WEEX
TK B ER Ak S A 1E 76 25 8] _E R B MW B A LR
HrEfk: BEEKFAE T s, W& pHEEAR
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Table 2 Classification of spring groups at Huanglong Ravine

SBAR AR HEFFHE
REI 1 BFEREBHERURE, BIKA 3590 m, HBEFAR_BRKABZHKEZLL, BTK
BFRR) EHNERR, EHRELRA, SFHETFHEERR. LLRH RN EABEREN

pH {H, BWLERFERIBE,

REI 2.3, WRRWRKDE, WIRYE 3400~3200 m Z[F, HBTF=RABREDH. KREATHAR
FHHLR) 4. 5. SHREAREXDEWBEZ L, EMNERHE | MARMEKREGAGHALT HXLEG
6 KELR, AEEREIEZRE | IpRMIKOEH, AABIRATEZIAREHHY
W, BMEEmIOKRBAEAT, MIEF SR PO YET Wy IR T 8 (X B E%, 2009),
B 7 PFERWAEMUBL, REREF. RN 3506 m, H 50T F5 LR RAE A= 4 R BRA 3B
(BRER) £, RILEFABRERMGRERK, BERBFORERE. BLHBHRAP, HHAROE

B/
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HBE— Rk, RERW: OE, EE=7EHF
BHARE, KEEAKREL, KPWEFIREXR
HRER, ERMTIFRE N EBMS, ki 6 SRK
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